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T i t l e  o f  P r o j e c t  
Integrated Research and T r a i n i n g  i n  Space-Molecular Biology 
Our a c t i v i t i e s  d u r i n g  the past  six-month pe r iod  have 
been c a r r i e d  out according t o  the program set f o r t h  i n  our 
renewal  proposa l  f o r  G r a n t  N s G  44143 ( A p r i l  1, 1966 t o  
December 31, 1966) and include:  
I. S p e c i f i c  Research Program. 
A. We have cont inued a comprehensive r e s e a r c h  program 
on e l e c t r o n  microscopy w i t h  h igh-f ie ld  superconduct ing 
so lenoid  lenses. A s  a r e s u l t  of the first s u c c e s s f u l  
experiments  w e  became aware of numerous methodological  and 
conceptual  problems. The major d i f f i cu l t i e s  included:  
(a) i n c o r p o r a t i o n  o f  superconduct ing so leno id  lenses 
and a s s o c i a t e d  cryogenic  components i n t o  high per- 
formance e l e c t r o n  microscope systems (b )  p r e c i s e  c o n t r o l  
and  r ep roduc ib le  cu r ren t  s e t t a b i l i t y  f o r  focus ing  super-  
conduct ing so lenoid  l e n s e s  ( c )  s a t i s f a c t o r y  specimen 
mounting t o  prevent  temperature d r i f t  and achieve  high 
degree of s t a b i l i t y  dur ing  i r r a d i a t i o n  ( d )  s t a b i l i z a t i o n  
of l e n s  excitation c u r r e a t s  and  a c c e l e r a t i n g  v o l t a g e ,  
and improved e l e c t r o n  source c h a r a c t e r i s t i c s  f o r  low- 
temperature microscopy ( e )  r educ t ion  of magnet ic ,  
e l e c t r i c a l  and mechanical p e r t u r b a t i o n s  unde r  c a r e f u l l y  
c o n t r o l l e d  condi t ions  i n  the requisite cryogenic  
environment ( f )  adequate  cont inuous r eco rd ing  of images 
without  breaking high vacuum under cryogenic  cond i t ions .  
A major developmentand r e s e a r c h  program which has been 
i n  p rogres s  a t  our  l a b o r a t o r y  during the  past few 
years has r e c e n t l y  enabled us t o  s u c c e s s f u l l y  meet 
t h e s e  requirements .  A s  descr ibed  i n  our  paper  e n t i t l e d  
"High Resolut ion Elec t ron  iyllcroscopy w i t h  Superconducting 
Lenses  at  Liquid Helium Temperatures" and published i n  
Proceedings of  t h e  Nat iona l  Academy o f  Sc iences ,  56.3 
(September 1966), p. 801, our  research program invo lves  
two approaches:  
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Cryo-electron microscope o p t i c a l  bench system 
us ing  high-field superconduct ing niobium-zirconium 
so lenoid  l enses  i n  l i qu id  helium Dewars, o p e r a t i n g  
a t  4 t o  32 kG without  p o l e  p i e c e s ,  and w i t h  
modified o b j e c t i v e ,  and o b j e c t i v e - p r o j e c t o r  p o l e  
p i e c e s .  An a d d i t i o n a l  c u r r e n t  v e r n i e r  c o n t r o l  
c i r c u i t  f o r  the superconduct ing o b j e c t i v e  so l eno id  
i s  used i n  conjunct ion w i t h  a 25 A regulated power 
s i q n l y  t o  permit a d j u s t a b l e  cu r ren t  changes of  
10-9 for achieving r ep roduc ib le  "super f ine"  
focus ing ,  ordersof  magnitude be t te r  than  conven- 
t i o n a l  systems. 
Improved po in t  cathode sources  and h i g h l y  s t a b i l i z e d  
50 kV a c c e l e r a t i n g  p o t e n t i a l  were used ,  t a k i n g  
s p e c i a l  p recau t ions  t o  minimize mechanical ,  magnet ic  
and e l e c t r i c a l  f i e l d  p e r t u r b a t i o n s .  Once c o r r e c t  
focus of t e s t  specimens at e l e c t r o n  o p t i c a l  magni- 
f i c a t i o n s  of 200x-20,000x i s  a t$a ined ,  the  super- 
conduct ing so lenoid  system i s  switched i n t o  pe r -  
s i s t e n t  current mode. 
The h igh  q u a l i t y  images (50-100% r e s o l u t i o n )  thus 
main ta ined  without  any  e x t e r n a l  l e n s  c u r r e n t  source 
are of  an unprecedented degree of s t a b i l i t y ,  per- 
m i t t i n g  exposures o f  up t o  s e v e r a l  minu te s  w i t h  
low i n t e n s i t y  i l l u m i n a t i o n  f o r  d i rec t  photographic  
r eco rd ing  on high r e e o l u t i o n  f i l m .  The same area 
can be  cont inuously recorded a t  5-15 minutes  
i n t e r v a l s  over a 10 hour per iod  under c a r e f u l l y  
c o n t r o l l e d  cond i t ions  without  d e t e c t a b l e  image- 
changes,  demonstrat ing t y p i c a l  long-term super -  
s t ab i l i t y .  
of superconduct ing lenses w i t h  conerent  microbean 
i l l u m i n a t i o n  appears  promising f o r  practical  
r e a l i z a t i o n  of Gabor 's  wavefront r e c o n s t r u c t i o n  
Combination of t h i s  unique s t a b i l i t y  
microscopy. 
S p e c i a l  superconduct ing o b j e c t i v e  l e n s  i n  l i q u i d  
helium c r y o s t a t  which may be used as a n  i n t eg ra l  
part of c ryo-e lec t ron  microscopes o r  r e p l a c e  the 
o b j e c t i v e  lens  i n  modif ied high r e s c l u t i o n  
commercial e l e c t r o n  microscopes.  The superconduct1 
o b j e c t i v e  lens i n  a s p e c i a l  D e w a r  designed and buil 
t o  o u r  s p e c i f i c a t i o n s  by Westinghouse Co., cornprise 
a main Niobim-Zirconium c o i l  (27,220 ampere-turns) 
w i t h  v e r n i e r  c o i l ,  superconduct ing a s t i g m a t o r s ,  
D e r s i s t e n t  cur ren t  switches and imprcved curre nt * 
c o n t r o l  devices .  * 
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Pointed f i l a m e n t s  are made of e tched ,  o r i e n t e d  
s i n g l e - c r y s t a l  tungs ten  t i p s ,  spot-welded on 
zone-refined tungs ten  wi re .  
high puri ty  and s e l e c t e d  c r y s t a l  o r i e n t a t i o n  
these f i l a m e n t s  have longe r  average l i f e  and 
o p e r a t i o n a l  s t a b i l i t y  t h a n  s tandard  o r  sharpened 
h a i r p i n  cathodes.  T h i s  a l s o  reduces specimen 
damage by e n e r g e t i c  i o n s  commonly o r i g i n a t i n g  
from i m p u r i t i e s  i n  normal tungs t en  sources .  
Because of  the 
Similar poin ted  f i l a m e n t s  of high p u r i t y  
tantalum, rhenium and niobium have specif ic  
p r o p e r t i e s  p a r t i c u l a r l y  useful f o r  low-temperature 
microscopy. The best  r e s u l t s  were c o n s i s t e n t l y  
obtained w i t h  new types  of e tched molybdenum o r  
s ta inless  steel  caps ,  t h e  key element  of which 
i s  a rep laceab le  d i s c  a p e r t u r e  of t h i n  (lo-3Op) 
molybdenum f o i l  w i t h  a p r e c i s e l y  centered  s m a l l  
ho l e  of  O.5mm. The f o i l  i s  stable under  
e l e c t r o n  bombardment which retards contaminat ion 
and  prolongs o p e r a t i o n a l  l i f e  of f i l amen t  t i p s .  
Thin f i lm conf igu ra t ions  permit  c r i t i c a l  c e n t e r i n g  
and height adjustment  of  f i l amen t  t i p s  determining 
adequate  bias vol tage  and emission c o n t r o l .  
p r a c t i c a l  cap design i s  a p p l i c a b l e  t o  bo th  cathode 
and anode s t ructures ,  combining optimum micro- 
geometry and  o p e r a t i o n a l  cond i t ions  f o r  o b t a i n i n g  
space-charge-free emission and s i g n i f i c a n t  f i e l d  
T h i s  
enhancement. 
When used w i t h  compensated double condenser systems 
of high r e s o l u t i o n  i n s t r u m e n t s  (Siemens Elmiskop I, 
Hi tach i  Ed-11) t h e s e  poin t  sources  provide  improved 
microbeam i l l u m i n a t i o n  w i t h  h igh  s p e c i f i c  b r igh t -  
ness  and high coherence.  Enhanced c o n t r a s t  and 
improved image q u a l i t y ,  e s p e c i a l l y  when dea l ing  
with b i o l o g i c a l  specimens,  i s  a l s o  achieved.  
With short f o c a l  l e n g t h  o b j e c t i v e  l e n s e s  (f=l.8mm) 
of improved s t a b i l i t y  (and with c i r c u i t r y  f o r  the 
Elmiskop developed by H. Armbruster) we confirmed 
and extended the results of R. Heidenreich by 
record ing  phase c o n t r a s t  high r e s o l u t i o n  im es 
of carbon atom a !i r a y s  (hexagonal c e l l s  of  5 !?y i n  
u l t r a t h i n  (10-20 ) s i n g l e - c r y s t a l  graphite s p e c i a l  
prepared by a technique that w e  descr ibed  previous  
Other pauciatomic s t r u c t u r a l  pa t te rns  of o rgan ic  
systems were resolved under  s i m i l a r  cond i t ions .  
1Y 
lY 
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B. 
Specimens are mounted onomicrostages of  special  
des ign  m a i n t a i n e d  at  4.2 K t o g e t h e r  w i t h  p o l e  
pieces of d i f f e r e n t  t y p e s  i n c l u d i n g  s h o r t  f o c a l  
l e n g t h ,  s i n g l e  f i e l d  condenser-ob j ec t ive  p o l e  
pieces of i r o n  or dysprosium, and t r a p p e d - f l u x  Nb 3 Sn 
l e n s e s .  
Our cryo-e lec t ron  microscope i s  mounted on a 10- 
+Ins v i h r a t l o n  isolated base and features e x t e n s i v e  
magnetic s h i e l d i n g ,  ultrahigh vacuum i o n  pump 
system, Liproved f i e l d  and T-F emission source ,  
image i n t e n s i f i e r  and photgraphic  r eco rd ing .  
It i s  p r i m a r i l y  designed f o r  high r e s o l u t i o n  
e l e c t r o n  microscopy of b i o l o g i c a l  specimens,  
examined preferably i n  the f r o z e n  hydra ted  state 
under  i d e a l  l o w 4  emperatme c o n d i t i o n s  o f  minimized 
specimen contaminat ion,  r a d i a t i o n  damage and 
thermal n o i s e .  
b 
T h i s  work was p resen ted  a t  the Sixth I n t e r n a t i o n a l  
Congress f o r  E lec t ron  Microscopy i n  Kyoto, Japan 
September 1966. 
L a b o r a t o i r e  d ' 0p t ique  du C.N.R.S. at  Toulouse,  
cons idered  our  achievement noteworthy and emphasized the 
v a l u e  of superconduct ing so leno id  l e n s e s  for e l e c t r o n  
microscopy because of t h e i r  unique s t a b i l i t y ,  the 
unprecedented high f i e l d s ,  and the p o s s i b i l i t y  of now 
be ing  able t o  cons ider  o t h e r  types of  magnet ic  f i e l d  
c o n f i g u r a t i o n  for o b t a i n i n g  much higher performance 
i n  high r e s o l u t i o n  e l e c t r o n  microscopes.  
Our work was verified by the Japanese  group o f  
D r .  Watanabe a n d  co l l eagues .  I n  addition, D r .  A.  
Labe r r igue ,  College de France i n  P a r i s ,  confirmed 
OUT work and expressed h i s  view that a new chapter 
has been opened up i n  e l e c t r o n  o s t i c s  w i t h  super- 
conduct ing l e n s e s  which should prove to be o f  particular 
s i g n i f i c a n c e  t o  high voltage e l e c t r o n  microscopy. 
We l ea rned  here that P r o f .  DuPouy, 
Other in s t rumen ta t ion  improvements inc lude :  
1. Extending the e a r l i e r  work o f  T. H i b i ,  K .  Yada, 
S.  Takahashi,  S.  Maruse, Y. Sakaki, and our 
l a b o r a t o r y ,  improved p o i n t  cathode sources  have 
been developed and used r o u t i n e l y  i n  high 
r e s o l u t i o n  microscopes.  
page - 4 
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High r e s o l u t i o n  pnase c o n t r a s t  was a l s o  achieved 
by precise alignment o f  mul t i -ho le  o r  a n n u l a r  
condenser a p e r t u r e s  and oS j e c t i v e  phase plates 
o f  composite u l t r a t h i n  s i n g l e - c r y s t a l  Tilms 
( g r a p h i t e ,  s i l v e r ,  mica) w i t h  ad  justable e lec t r ica l  
f i e l d s ,  o r  fe r romagnet ic  t h i n - f i l m  a p e r t u r e s  
p e r m i t t i n g  phase sh i f t  c o n t r o l  




3 -  
4. 
Systematic use of  u l t r a t h i n  carbon films (10-202) 
prepared by evapora t ion  i n  ul t rahigh vacuum 
( lOe8torr)  o special  s u p p o r t s  . Even t h i n n e r  
diamond have been used which are extremely smooth 
and stable under i n t e n s e  i r r a d i a t i o n ,  and can b e  
used f o r  high r e s o l u t i o n  shedow cas t ing  of  DNA 
w i t h  carbon.  These s i n g l e - c r y s t a l  substrates may 
be  i dea l  atomic monolayer substrates f o r  high 
r e s o l u t i o n  e l e c t r o n  microscopy. 
l a m e l l a e  (10 !it ) of s ingle-crystal  g r a p h i t e  and 
Specimens were mounted wi thout  background suppor t  
on a s b e s t o s  f i l amen t s  o r  re la ted substrates. DNA 
s t r a n d s  were a l s o  mounted on t h ' n  s i n g l e - c r y s t a l  
mica w i t h  r e g u l a r  h o l e s  (80-100 
f i s s i o n  tracks. 
Following e a r l i e r  work, w e t  or hydra ted  b i o l o g i c a l  
specimens were examined by u s i n g  spec ia l  vacuum- 
t i gh t  microchambers , low i n t e n s i t y  microbeam 
i l l u m i n a t i o n ,  and cryogenic  d e v i c e s  t o  minimize 
d e s s i c a t i o n  aiid r ad ia t io r?  damage. 
B p() produced by 
Thin f rozen  s e c t i o n s  o f  n a t i v e ,  unf ixed  t issues  
can a l s o  be examin d d i r e c t l y  a f te r  u l t r a - t h i n  
s e c t i o n i n g  (20-100 ) w i t h  a diamond k n i f e  i n  
microtomes ope ra t ing  i n  l i qu id  n i t r o g e n  o r  helium 
c r y o s t a t s ,  and t r a n s f e r r e d  wi thout  thawing t o  the 
low temperature e l e c t r o n  microscope stage. 
K 
We have planned a follow-up o f  t h e  Pre lLqinary  
Examination by E lec t ron  Microscopy and E lec t ron  
D i f f r a c t i o n  o f  Materials Co l l ec t ed  by the Luster 
Sounding Rocket Experiment on November 16,  1965 
We are p a r t i c i p a t i n g  i n  t he  next Luster f l i g h t  which 
i s  scheduled for launch on October 21, 1966 dur ing  
the peak of the  Or ion id ' s  meteor shower. 
Sherman, a graduate s t u d e n t  i n  the  Biophys ics  
Department,  p e r s o n a l l y  carried the  specimens t o  Ames 
Mr. Lou 
Page - 5 
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Research Center and p l a n s  t o  c o l l a b o r a t e  w i t h  us 
i n  the i n v e s t i g a t i o n .  
Three s p e c i a l  high vacuum c o n t a i n e r s  and  spec inen  
assemblies were designed 2nd c o n s t r u c t e d  t o  t ransfer  
the sampling s u r f a c e s .  
c o n t r o l s  and one w i l l  b e  carried o n - f l i g h t .  The 
s e v e r a l  s l i d e s  provide d i f f e r e n t  s u p p o r t i n g  substrates 
I U C  blLc  upbur t n  h e  c o l l e c t e d .  Some c o n t a i n  
s e v e r a l  hundred plat inum specimen h o l d e r s  coa ted  w i t h  
d i f f e r e n t  t y p e s  o f  t h i n  f i l m  substrates, some are of 
f resh ly-c leaved  s i n g l e - c r y s t a l  mica, and some of 
l u c i t  e. 
Two u n i t s  w i l l  s e r v e  as 
A---- L L r r  " * r \ n ; m - n q  
A s  i n  the p r e v i o u s  experiment,  w e  made systematic 
e f f o r t s  t o  conform t o  r i g o r o u s  requi rements  f o r  
contaminat ion c o n t r o l .  
i n v e s t i g a t i o n ,  we plan  t o  carry o u t  b y  e l e c t r o n  micro- 
scopy and electron d i f f r a c t i o n  a conpa ra t ive  a n a l y s i s  
of the  new specimens, keeping i n  mind the p o s s i b l e  
i n t e r p r e t a t i o n s  se t  f o r t h  i n  o u r  P re l imina ry  Report 
i n  the Annual Progress Report f o r  pe r iod  A p r i l  I, 1965 
t o  March 31, 1966. 
On the basis of t h e  p rev ious  
11. Continued Maintenance of  t he  Spec ia l  E l e c t r o n  Nicroscope 
L a b o r a t o r i e s  w i t h  Clean Room F a c i l i t i e s :  
With funds  
Grant NsG 4 , 1 4 3 ,  N I X  Grants  B-2460, NB-04267 , Gm-13243, 
and AEC G r a n t s  AT 30-1-2278 and  AT 11-1 13-44, a special  
l a b o r a t o r y  f a c i l i t y  f o r  high r e s o l u t i o n  e l e c t r o n  TAcro- 
scopy has been completed and pub i n t o  o p e r a t i o n  i n  the 
2esearc.h Institutes. The f a c i l i t y  as i t  now ztar,ds . I s  
cons idered  by some t o  be the  besz; eiectroil  microscope 
i n s t a l l a t i o n  i n  t h e  world.  
a t o t a l  o f  about  4,000 square fee t  and comprise: 
rov ided  by The UnSversity o f  Chicam,NASA E 
These l a b o r a t o r i e s  occupy 
A. 2,500 suare fee t  of remodeled space  i n  the  basement 
w i t h  i n s t a l l a t i o n  of  special  f l o o r s  , w a l l  p a r t i t i o n s ,  
c e i l i n g  p a n e l s ,  a i r  c o n d l t i o n i n g  o f  the type used 
i n  "c lean  rooms" f o r  modern e l e c t r o n i c  icdustrial  
f a c i l i t i e s .  These l a b o r a t o r d e s  are equipped with 
t h r e e  e l e c t r o n  microscopes with attached e l e c t r o n  
d i f f r a c t i o n  un i t s .  The f a c i l i t i e s  i nc lude  u l t r a -  
high vacuun (Varian)  evapora t ion  u n i t s ,  f o u r  ul t ra-  
microtomes, l i g h t  microscopes,  and complete pre- 
p a r a t i o n  and photographic  dzrkroom f a c i l i t i e s .  A l l  
of the  c r i t i c a l  ea_uipment has been i n s t z l l e d  on 
i n d i v i d u a i  v i b r a t i o n  c o n t r o l  mountings of spec ia l  
des ign .  Corresponding p r e c a u t i o n s  were t a k e n  i n  
Page - 6 
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t h e  i n s t a l l a t i o n  o f  non-mgne t i c  s ta inless  s tee l  
v e n t i l a t i o n  d u c t s ,  incandescent  l i g h t s ,  and 
e l e c t r i c a l  condui t  t o  minimize e l e c t r i c a l  and 
magnetic p e r t u r b a t i o n s .  
Adjoining l a b o r a t o r i e s  of  920 square feet  l o c a t e d  
on the second f l o o r  of t h e  Research I n s t i t u t e s  have 
been remodeled: 
B. 
-F.- nn7-n i. AUUU cwJu ( 233 sq. ft.1 
T h i s  room has b e e n  prepared  f o r  s t o r a g e  o f  
specimens,  equipment, and l a b o r a t o r y  a p p a r a t u s .  
A Harris Cascade R e f r i g e r a t i o n  B i o l o g i c a l  
S to rage  Machine was i n s t a l l $  which o p e r a t e s  at 
temperatuEs as low as -120 C. 
2. Room 205 (230 sq. f t  .)  
T h i s  room has been  prepared  as a s i t e  f o r  super -  
conduct ing experiments .  A Siemens Elmiskop EM-I1 
with a c c e s s o r i e s  was i n s t a l l e d .  Darkroom equip-  
ment has a l s o  been  i n s t a l l e d  to expedite develop- 
ment of plates t a k e n  du r ing  experiments  i n  this 
room. 
3 .  Room 207 ( 4 6 0  sq. f t . )  
An X-ray d i f f r a c t i o n  u n i t  with K r a t k y  Camera 
was i n s t a l l e d .  Two v~cuur?. p m i n g  u n i t s  were 
developed and inskaa l ied  which pre-pmp photo- 
graphic p l a t e s  ( a t  a r a t e  of 912 F l a t e s  per  
2 h o u r s ) ,  a l s o  w i t h  c a p a c i t y  to pre-p-mp 70mm 
T i l m  and camera. The e f f i c i e n c y  of these pumps 
i s  such that it reduces working time by s e v e r a l  
hour s .  P l a t e s ,  f i l m ,  and camera were p r e v i o u s l y  
pre-pumped i n  the  microscope i t s e l f  which invo lves  
a much longe r  time. 
C. An a d d i t i o n a l  l a b o r a t o r y  (Room P-111) was c o n s t r u c t e d  
i n  the c l e a n  room l a b o r a t o r i e s  of the basement t o  
house 2 F d t a c h i  Perkin-Elmer e l e c t r o n  microscope and  
a c c e s s o r i e s .  
a double  condenser l e n s ,  e l e c t r o n  d i f f r a c t i o n  chamber, 
ho t  and co ld  stages,  and image i n t e n s i f i c a t i o n  system. 
A s p e c i a l  highly regulated power susply i s  l o c z t e d  
i n  an  a i r  condi t ioned  enc losure  on the f i f t h  floor 
of t he  Research I n s t i t u t e s .  
g e n e r a t o r  se t ,  s p e c i a l l y  designed and nanu lzc tu red  
by Westinghouse Company, i s  equipped w i t h  2 new solid- 
s ta te  regulator, g i v i n g  b e t t e r  t h a n  0.1s v o l t a g e  
s t a b i l i t y  and very low harmonic d i s t o r t i o n -  
T h i s  microscope was i n s t a l l e d  2nd inc ludes  
D. 
T h i s  50-1cilowzLtt motor 
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-4 s p e c i a l  v i b r a t l o n - f r e e  room i s  now being 
completed whers a new "cryo-e lec t ron  microscope, I '  
adapted from the l i i tachi  11-3 e l e c t r o n  microscope, 
h a  been i n s t a l l e d .  The t en - ton  f l o a t i n g  foundat ion  
and o t h e r  un iqae  features of t h i s  f a c i l i t y  should 
m a k e  i t  p o s s i b l e  t o  ex2oLt; unusual  s t a b i l i t y  o f  
superconduct ing l e n s e s  o p e r a t i n g  i n  the p e r s i s t e n t  
c u r r e n t  mode for long-term exposures:  o f  the  o r d e r  
o f  minutes  t o  hours, i n s t e a d  of the  5 t o  15 second 
exposures  prest:rlUry y w u w - - - -  ---Ll -I 'rrnc 'nl p 
T r a i n i n g  Program 
Our l a b o r a t o r y  has served as a c e n t e r  o f  i n f o m a t i o n  
exchange t o  o t h e r  s o c i e t i e s  and i n s t i t u t i o n s  as w e l l  
as t o  o u r  own u n i v e r s i t y .  
A .  The course i s  C e l l  Ul t ras t ruc ture  i s  be ing  ofr"ered 
on Tuesdays and Thursdzys, 1-3 114. The enrol lment  
f o r  t h i s  course  numbers 30 people  and i n c l u d e s  
s t u d e n t s  and f a c u l t y  from the Biophys ics ,  Micro- 
b io logy ,  Zoology, Botany, Fathology and Xedicine 
departments  or" t he  U n i v e r s i t y  o f  Chicago, i n  
a d d i t i o n  t o  v i s i t o r s  from the Downey Veterans  
Adminis t ra t ion  Hosp i t a l .  
B. P a r t i c i p a t i o n  i n  the  follorslring s e s s i o n s  and 
conferences has brought about  domestic and i n t e r -  
n a t i o n a l  exchange: 
1. 
2 .  
3 .  
High Voltage E l e c t r o n  Eicroscope Wo-kshop at 
Argonne Nat iona l  Labora tory ,  June 13 t o  July 
l 5 J  1966 
a.  
b . Lecture on Superconducting Lenses  - Jme 14 Chairman, Summry Sess ion  - July 14 
The Neurosciences Research Program at  Boulder ,  
Colorado, J u l y  17 t o  August 12 ,  1966 
L e c t u r e  on Membrane Ultrastructure i n  Nerve 
. 
Cel ls  - J u l y  27 
E lec t ron  YLcroscopy S o c i e t y  o f  America i n  
San Franc isco ,  August 22 - 25 
a.  Served as keyiiote speaker 
b. Lecture  on New Approaches i n  High Reso lu t ion  
E lec t ron  Microscopy 
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4. Sixth I n t e r n a t i o n a l  ZoEgress for Elec t ron  
Microscopy at  Kyoto, Japan ,  August 28 t o  
Sept enber 4 
Lec tures  presented  were as fo l lows :  
a. High Resolut ion E lec t ron  Microscopy o f  
B i o l o g i c a l  Specimens - Opening Sess ion ,  
August 28 
Applicat ion or" improved Bzllnt 'Ja';hsc?e 
Sources  t o  High l ieso lu t ion  E lec t ron  
Xicroscopy - August 29 
c.  Low Tenperature  E lec t ron  Fdcroscopy 
with 'figh F i e l d  Superconducting Lenses 
S ep t  ernb er 1 
b. 
- 
d .  Served as chairman on af ternoon s e s s i o n ,  
August 29 on HLgh Resolu t ion  ( 2 )  and Lens  
Aberrat ions 




3 .  
4. 
Microscope, Electron;  M c G r a w - H i l l  Yearbook 
Sc ience  and Technology - 1966 McGraw-Hill 
Book Co., Inc .  
E lec t ron  1vIicroscopy w i t h  Su2erconducting 
Lenses;  paper p re sen tea  a t  I-iigh Voltage E l e c t r o n  
Ficroscope Norkshop, 
Nat iona l  Laboratory,  J-dly 1 
Proceedings o f  the  S l x t h  Lnt e r n a t i o n a l  Congress 
f o r  Elec t ron  Nicroscopy, Kyoto, Japan - 
September 1966 
a.  
b .  
Sess ion ,  Argonne 
s7mr?ar% 
h3gn Resolut ion E lec t ron  Nicroscopy of  
B i o l o g i c a l  Specinens - p .  l 3  
Applicat ion of Improved P o i n t  Cathode 
Sources  t o  High Resolut ion E lec t ron  
ificroscopy - p .  27 
e .  Low TerQerature  E lec t ron  Micro scopy with High F i e l d  Superconducting Lenses - p.  147 
High Resolut ion E l e c t r o n  Nicroscopy with Super- 
conduct ing Lenses a t  Liquid HelinT Temperatures;  
Proceedings o f  Nat iona l  Academy o f  Sc iences  - 56, 3 (Septenber 1966) p.  801 
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A n  a c c o m t  of 0-JP work presented at the 
Sixth International Congress f o r  ElectrGn 
Microscopy is given in the article: 
"Voltage, Lenses Aid Electron Microscopy", 
published in Chemical and Englneering News, 
September 26, 1966 
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